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MID-LATITUDE TROUGH PHENOMENON , SCINTILLATION , AURORAL OVAL,

IONOSPHERIC MODELS FROM THE F2 PEAK TO 1000 km

MUKH TAR AHMED
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1. r~rn~~wcri~~

A c~~Ltxi;e of the characteristics and physica l processes o~~ratinq

the enVlronrrL~nt ot space satellites~ lbpside Ionosphere , t - ~~vi~; ’ 1 o r - ,

ir~J Magnetosphere is very ini~x rtant , especially the ionization ~rr€ - ;w

as ti-Ic’: af f ect HF radio propagation . Hence , an extensive investigation tJ

understand the factors governing the production , location , f ine structure

and rrorpho l og-~ f ionospheric features like

a) ~tid-1atitixie trough phencm~ non

(b) Scintillation phenu~~non

(c) Auroral oval

(d) Develo~xt~nt of ionospheric trodels fran the F2 peak to 1000 km

in Ionospheric r~bnitoring ~~rk

was undertaken. The results of this ~~rk are expected to provide much

n~~ 1ed inputs to the develop~~nt and design of advanced syst~~s for reliable

4obal ~ rTrIin1cat1ons such as AFSA~ Xt4 and others.

We shaL. discuss be1c~i the different investigations in detail.

2. ~ID- LA~rr11JDE TR)UGH

This ionospheric phencii~na occurs in the region of steep ionization

~raJients-an uportant region for radar back sector work needed for routine’

nonitoririg and surveillance. A detailed knc~~ledge of this phenar~ non ,

especially its physical din~ nsions under differing geophysic~d conditions,

i.s still ~n a r~x1ii~~ntarj stage . We seek to make contributions in this

reqar~ .

This St -
~ ~1y of the irorphology of several features o ( the main t rout •

is based on f v years ’ data obtained fran ther~~ l p1asn~ sensors f l~~n on

the ISIS—I and I~ JUN -’J satellites. Boan-~tounted spherica l electrostatic

2
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~~~~~~~~~~~~~~~



analyzers ~~re biased to n~ asure positive ions on ISIS-I and electrons on

INJUN V. The days ide trough is also examined and the trough structure ,

that is , its width , depth , equatorial and poleward gradients are determined

as a function of local tiri~ and season , for Kp 3. Additional p1a~~s

depletions observed on the dayside between L = 2 and 4 at altitudes greater

that 1500 km are also described .

The main trough is a region where thermal plasma density depletions

are consistently observed at mid-latitudes in the nightside ionosphere .

It is considered to indicate the boundary between regions of the ionosphere

wing different pr imary source processes: firstly, the 1CM latitude

~osphere or p1a~~~sphere, resulting principally f ran solar radiation ,

and secondly , a high latitude region due prb~~rily to magnetospheric par-

ticle precipitat ion .

2.1 METHOD

In Figure 1, the orbital paramaters for the satellites utilized are

given . Approximately 12,000 whole or partial orbits of ISIS-I data and

r~ arly 5,000 orbits of INJUN-V data aequired globally ware examined.

A representative trough obtained on ISIS-T (-orbit 6864) is stu~in in

Figure 2. It is shCMn to define the properties we have ireasured .

The equatorial edge of the trough , point a , is the location of the

intercept of lines drawn through the f irst ionization maxinun in the pre-

cipitation region , and the poleward trough wall. The poleward edge of the

trough is at point d.

The width is taken to be the invariant latitude range between points

a and d.

fl ~e depth of the trough is defined for both its eguatorial and poleward3
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edge since the densities at points a arxi d and at the base b and C are

f requently very different. The equatorial depth is the ratio of the den-

sity at a over the density at b. The poleward depth is the density at d

over the density at c.

In order to minimize the effects of varying density with height ,

normalized gradients ware evaluated at the equatorial and poleward wall.

Then the gradient at the equatorial edge is the density a minus density b

divided by the latitude a minus latitude b all over the average density

between points a and b.

Figure 3 illustrates the variability of m d :  ,~idual troughs at different

local tiii~ s and altitudes. C~ the left side of the ~~gure , troughs maas-

ured within 2 hours of local noon at varying altitudes between 600 and

2300 are illustrated. (~ the right side , results obtained within 2 hours

of midnight are given for 600 km and 3500 km. The nightside troughs tend

to be broader and deeper than the days ide troughs.

2 .2  TR XX~1 OCCUPR~2~~E F1B?UENCY

The first quantitive values of trough occurrence as a function of

local tima are s i n  in Figure 4. The results for each hour of local tima

are based on data f ran at least t~~ seasons . It is seen that in the night

hours between 1900 hrs and 0400 hours the occurrence frequency is high ,

greater than 95%. After 0400 hrs, the occurrence frequency decreases

reaching a rninirrun of 48% around noon. This is follc~ed by a steady in-

crease to 1900 hrs . These nighttine results are in good agree~~nt with

results reported earlier by Thiunay and Sayers (1971) . They concluded,

hc~ever, that the trough was primarily a nighttiire phenczi~non. The dif-

ference in the daytima results is probably due to the selection process for
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each study. Tulunay and Sayers used the criterion that the ratio of the

maxinun to mininun density in the trough must be greater than 2:1 for a

trough to be noted. It will be seen f ran our results on trough amplitude

in Figure ~ that this criU~rion ~~u1d eliminate nost of the midday trc~~hs

which we have identified, where values as lC~Ii as 1.25:1 are identified.

2.3 TWIJGH ICX2ATK1’~

‘fl~~ maan location of the equatorial edge of the trough as a function

of t iit~~ is stKMn for the four seasons in Figure 5. It is seen on the polar

plot that the s~~ .onal variation of the trough p osition at a given local

thre is ~~~1l as inthcatud on the figure except for the hours between 6

aix! 9 am. In the sutirer the invariant latitude aix! hence the L value of

the trough increases steadi ly between 0400 and 1000 hrs. In the winter ,

the trcu h position r~~~ins close to the nighttiire value of about 60°

invariant latitude up to 0900 hours. This is fo1lc~~~1 by a rapid increase

bet~~~ n 0900 and 1000 his. 1~~se differences are considered to be due to

the vary ing tilt angle of the sun with season.

I1~ high L value (72° invariant latitude) of the trough on the day-

side near local noon should be noted . Ek.Iring the daytirre the trough is

found at the equatorial edge of the cleft precipitation region . At night

it is found at the equatorial edge of the aurora.1 precipitation region .

4 2.4 TFCUGH WIIYrH

The first systai~atic study of trough width is presented in Figure 6

The trcx~gh width exhibits a simple diurnal variation with a rnaxizrun of

7-12° between 0300 aix! 0500 hours and a rnininun of about 40 around local

noon . t then increases gradually to the early rrcrning maximum. There

is a pronounced seasonal variation in the night hours . For ex~ ple, at

- _., - ____
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0500 hours the width is nearly 12° in winter and 5° in sumter . Spring and

f all values lie between these limits. The strong influence of solar radi-

ation on the width is evident f ran the onset tines of the rapid decrease

in width in the norninq hours of each season .

1fte standard deviations for all trough parameters are large as illus-

trated in Figure 6 where the mean width data for sunirer and winter is given

with calculated standard deviation. The deviation in width is a~~roxiitately

-4- 2°. We have searched for factors contribeting to the standard deviation,

including altitude, Kp, previous magnetic history . In the statistical

analysis of data , the altitudes of trough observations used in any hour

of local tine were found to be quite considerable and were suspected as

one of the major causes of large standard deviation . Figure 7 s~~~s a

plot variation of trough width against altitude. This is an important

result. This is further conf irned by a cxxlparisou of sinultaneous neas-

ur~ ients of ion densities fran our SEA experirrent on IS IS-I and the topside

ionosorx!e on ISIS-Il , kindly provided by Dr. Whitteker of Canadian Depart-

nent of Cci-mminications, Ottawa , Canada , sIx~m in Figure 8.

2.5 TIUJGH DEPTH

‘I~e depth of amplitude of the trough, that is, the ratio of the pla~ ra

density at the trough edge to the value at the base of the trough wall,

has been evaluated for both poleward and equatorial edges. It is seen

in Figure 9 that the amplitude is a mininun around local noon aix! a maxi-

nun near midnight . The depth changes by a factor of 10 througlx~it the

day in winter and by a factor of 2.3 in surmer . The results for spring

aix! fall lie between these limits .

Similar results were obtained for the amplitude at the poleward edge

1 1

~
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with the exception of winter nights when the ratios were 2 to 3 tines

~~~ller than for the equatorial depth. This ref lects primarily the ~~~ller

onntribition of solar radiation to the ionization in the polar regions on

winter nights. ‘I’he altitude variation was suspected here as a major cause

of standard deviation in trou h depth . This was investigated by examining

the variation in trough depths in data frau a narra~ local tine sector but

sl~~ ing a wide variation in altitude. Figure 10 sJ~~s trough depth plotted

against altitude. Confthnaticn of this was observed in the tcpside icto—

scix!e data provided us by Dr. ~‘thitteker of C~~, Ottawa, Canada .

2.6 T~~ )G}1 GRADTh2~TS

Pla~ na density gradients at the equatorial edge of the trc~~h as a

function of local tine for each season are sk~~ n in Figure 11. •i~~~ ~xp1i-

tude of the diurnal variation is greatest in winter when there is observed

an 80% change in density per degree latitude at 2000 1~ urs and a mininun

of 25% per degree atit~x~ ar~ zx! local noon • In s~itirer , the gradients

are red~x~ed with a n~xinun of 45% per degree at 2000 hrs and a miniirun of

17% per degree at 1300 hrs.

‘ft~ diurnal aix! seasonal variation of the poleward gradients are

similar to the results thtained at the equatorial edge (Figure 12). The

nEst r*,ticeable difference is that the poleward gradients are consistently

to be ni~ h higher in the night 1~~~rs.

~~ role of the altitude variation t~~ard the standard deviation in

the results ~~s investigated by examining the equator~mrd aix! po1a~mrd

gradient in an J~cw of local ti~me as sI~~~ in Figure 13.

A regression analysis perforned for the equator~srd and poleward gra-

dients s1~~is the fo11~ r,ing: Trough equatorward gradient (
~ ~~

) -

16
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0.62 - .82 x lO~~ x Mt . ( 1) Though poleward yradi4~nt (~ ~~~)

1.44 x 18 x lO~~ x Pdtitude (2) A canparison of the ~npirical equations

(1) and (2 )  shc~ s that the pol~~zard gradient at a given altitude is aI:out

2~~5 tii~~s the equatorward gradient .

2. 7 SWTCES OF VARIATION rN STATISTICAL RESULTS

An exhaustive investigation of the sources of variation in statistical

results of the various trough paraneters was made. It was found that using

all data for Kp 3 and treating theni as representative of quiescent mag-

netic cx nditions is erroneous. This study revealed that under strictly

controlled altitude conditions over a narr~~i local tiit~~~ sector , the trough

paranEters vary for Kp values f ran 0 to 3. Hence, our statistical values

should be considered as the nean values over the Kp range 0 to 3. Further-

rtore , the usual practice of assignnent of Kp values to trough neasur~~~nts

made at the sane tist~ is not strictly correct , as this procedure ignores

the previous magnetic history of the ionosphere that could influence the

neasuren~ nts at a later tine. It should also be burne in mind that the

data analyzed in this report covered several seasons over the period of

four years , and hence , could be influenced by the changing solar , magnetic ,

and ionospheric conditions and are Ix)und to reflect scxr~ variations.

2.8 DISCUSSION OF RESULTS

In this report, have presented only results for l~~ Kp, (Kp - 3~)

We nave carried out a suni lar analysis of a ~~aller sanpie high Kp data.

The results on the trough structure are found to be surprisingly similar

to the results at )~~ Kp with the location noved to lc~~ r latitudes.

It is instructive to relate these results an the trough location to

independent ireasur~~~nts of the plasmapause location fran the sane satel-
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lite by Brace and Theis ( 1 4 7 4 ) ,  and by ~~ller (1074) as well as with other

higher altitude n~ asur~ ii~nts of the plasmapause.

Brace and Their reported qr idient ~; in electron density above 2000 kin

on the dayside frc~n ISIS— i . They ~~~ ~~ it e th -s~. -
~~~ ;rad i ~nt~-; witj th t~ pla~~~ —

pause location . We observe simi lar gradients with our ~~in ion 1. robe on

ISIS-I on over 60% of the data near 1-his location at altitudes above 2000 km.

Figure 14, for example, gives results for the midday pass 6325. A 1c~
latitude density gradient is seen at about L = 3 together with a high lati-

tude trough observed at 78° latitude . ~-& consider that the lc~ latitude

gradients indicate the partial f i l l ing of flux tubes at lc~ latitudes. The

high latitude dayside trough weuld not normally be seen in the analysis

carried out by Brace and Theis since they used a spatial resolution of

about ~~ in their analysis.

In Figure 15, we canpare the equa torward edge of the trough with the

p1a~~upause location observed by others . In addition the cross-hatched

region on the dayside (between L 2 and 4) indicates the location of 1c~

latitude high altitude density depressions nentioned above . It is seen

that on the nightside , the trough location agrees with the p1a~~ipause

J location reported by other ~~rkers . On the days ide , t~o regions of plasma

depletion are observed . First , the high latitude trough observed at all

altitudes located at the equatorward edge of the cusp. Second , plasma

depletions between L = 2 ar id 4 at altitudes greater than 1500 km. Since

they occur on 1c~~~r L shells than the normal plasmapause, we consider that

they represent partial filling o~ p1ai~m~ispherc f lux  tubes as described by

Banks and Doupnlk (1974) .

Finally, we must consider hc.~ these data add U our understanding of
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I. IS IS- I SEA TROUGH POSITION 1969-1972
PLASMAPAUSE - —(2. CI-IAPPELL et ol (1971)

I 3. CARPENTER (1966 )
ISIS-I BRACE & THEIS (1974 )
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Figure 15. Crmparisori of trough position determined f ran the ISIS I SEA
with pla~~~pause location determined fran other sources and with the day-
side electron density gradient location determined fran the ISIS I SEA .
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the foni~ tion of the trough . Since they are rea l data , gathered on a global

scale over several years , we cannot dismiss then if they do not f i t  current

theories of the formation and maintenance of the trough. In particular ,

the existence of daytiii~ troughs maans that solar UV cannot always be the

major determining cause of trough formation . Since the daytine trough has

a lc~er probability of occurrence and is less pronounced than at night , we

must conclude that carpeting processes control the plasma density and notion

at different tis~ s, and that these can scrr~ tines overcar~ the constant

replenishnent of ionization by solar UV on the dayside . The nost important

of these is convective drift across the polar cap to supply plas’na at night.

Other processes which influence the trough and its location include,

on the nightside : 1. P~uroral particle pr’ecipitation, causing ionization to

give the poleward boundary; 2. The escape of light (H~ and Be~) along open

field lines to give depletion of plasma within the trough; 3. The presence

of electric fields within the trough regions. This causes bulk notion of

the pla.sma (direct depletion) in addition to Joule heating as this fl~~

takes place . This heating increases the reaction rate of 0+ + N2 - ~()+ + N ,

further reducing total ionization present above the F region peak.

The processes used by E fields beca~~ very inportant in the formation

of the trough at latitudes and altitudes where H~ is not the daninant ion ,

arxi where the rrore classical picture of ion escape along magnetic field

lines is usually invoked as the major cause of ion depletion.

On the dayside , the poleward edge is again set by the particle precip-

itation . At the equatorward edge , however , the location stx~ n in Figure 12

around L 8 - 12 for several hours each side of local noon, fits irore

closely with the cusp location than with the plasmapause .
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2 . 9  CC~’CLUSIC~

1. The trough is found to exist at all local tb~~s. It is not only

a nighttirr~ phencst~ non . It is consistently found at the equatorial edge

of the precipitation zone .

Z .  Significant variation of the widths , amplitude , and gradients at

~-x)th the equatorial and poleward trr~rjh wall are found with local tine and

season . Maximum values are observed on winter nights.
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3. SC11~~ILLATIC~ S’1~JDIES

Ionospheric Scintillation studies are being investigated in the high

latitude and equatorial regions .

The original studies in the high and polar latitudes arc being extended

to investigate the local t ism~~, seasonal and geophysica l variations . Features

associated with scintillations in the 1cM and equatorial regions are being

identified, and their latitudinal extent , longitudinal dependence , seasonal

and local tine characteristics will be evaluated . Information on equatorial

scintillations is very sparse and the Air Force is greatly interested in
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this project .

The data for this investigation are the maasur~~~nts of ion density

made simultaneously by the ISIS-I SEA experimant and the RF Scintillation

fran the ATS 3 and 5 satellite recorded at the three ground stations:

Narsarssuaq (Greenland) , Hamilton (Massachusetts) , and Huancayo (Peru) .

4. AUIOPAL (YJ7~L S’flJD IES

A preliminary study was made to investigate the feasibility of using

the ‘0’ Auroral index as a rreasure of polar cap size and activity. Can-

parative studies have been made with results fran simul taneous exper in~tnts .

¶I~~ results are not entirely satisfactory . Fk*~~ver , it is felt that miore

~~rk has to be done in this regard to get a conclusive picture. Satellite

and other supçcrting data recorda:1 during the extensively studi~~i magnetic

storm of Dec~~~er 1971 was suggested for this study .

5. THE DFX~~ 4BER 1971 M1~L~ E~FIC S’10R4 STUDY

The uportance of this magnetic storm for a cclnparative study with

other slimultaneously collected ionospheric data was discussed at the

April 8-9, 1975 A~~RIr-Air %~ ather Cam~nd maeting held at AFCRL. It was

suggested that an extensive investigation be made of this period using

ISIS-I data to obtain values of the different characteristics of the trough

and of the precipitation regions .

6. ¶IOPSIDE STI~JC11JRE 4~~I’1DR

¶I’I-~~~ Defense r.~ teorological Satellite Program (t1’.ISP) office at SItMSO

and the Air ~~ather Service (A%~ ) and the Global ~~ather Central ((~~ ) have

planned th 3 launch of Topside Ionosphere Structure ~~nitors beginning in

the latter part of 1977.

Electron and ion sensors on the Topside Ionosphere Structure ? briitor
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will  noasure in situ ion and electron density and tc~~ erature and the scale

height (H) in the topside ionosphere . These p1a~~ noasur~~~nts will provide

inputs to P~~ and (M ionospheric prediction programs for the determination

of total electron content and electron density profiles . The p1a~~a irreg-

ularity n~aur~ tEnts can identify the mid-latitude electron trough which

will be used to determine whether lew, mid , or high latitude prediction

programs should be used to provide propagation condition s to operating c~~n-

mantis. The satellite data fran these instr umrents when properly analyzed

and interpreted will extend the capability of the Air Force to provide

global information on several ionospheric para rre ter s of iirp ortance to ou t-

nunications , surveillance, and detection syst~ns.

The single in situ maasurar~nts of pla~ na paramaters along the orbital

path of about 800 )Qn are to be used in rmonitoring the critical frequency

of the F2 (f 0F2 ) layer and the scale height (H) near the F2 peak. This

type of infor mation is very sparse over less populated and oceanic areas

and hence, this EMSP program will f i l l  this need .

Further investigations of the various node is of the ionosphere ware

made. Machani~ ns for the calculation of H (the scale height) in the nose

region of the parabolic ionization are being investigated with a view to

developing theoretical rrodels. Cxir studies shcM that the e~çonentia1 nodel

f i t s  the ionization variation wall up to an alti tude of nearly 800 km. The

Danon rrcdel gives unsatisfactory results.

The accuracy of the nodels depends upon the values of the M factor

obtained fran ITSA data hooks. The magnitude of errors introduced in the

f 0F2 values due to the sparse coverage of M values in certain latitude and

longitude regions have been evaluated . To investigate the structure of
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the ionosphere Lfl the region 300-1000 km , nodels of the atro sphere have to

be it ~ incorj x)ratlnq the variations in tanperature , density and

1 ;ht nt i r the peak of the F2 region . Preliminary studies have

1re~t~ t~~~. :~ :mtti~ arid iYe suppl&3i~ nted by incorporating new material f ran

~~~ .c~i t ter radar noasurat~ nts by J. V. Evans at Milestone Hill ,

Mass. ichuset t :,. Scim~ additional work has been done on the nature of tan-

~~r ~tur~ variation with altitude in the region above the F2 peak. This

wi I I he used in the (1evelop~~nt of anpirical rrcdels of the topside iono-

sphere . UuI*itations of the scale height (H) above the F2 peak were made

using averaged values of nean ionic masses and pla~~~ tanperatures for the

day and night tines. These calculations give inforrr~ tion about the magni-

tude and direct ion of the scale height variation.

Theoretical ntxiels of distribution of ionization in the topside,

like the Darron ntxiel and the exponential (Bent ) nodel have been examined

using maasured values of electron density profiles f ran the ISIS—I topside

iczxgrams , kindly provided us by Dr. ~nitteker of Canadian Departh~.nt of

Camunicat ions , Ottawa, Canada.

Mapeing of irregulatities in the topside ionosphere d~~n to the F2

peak was critically investigated. This sha&ed that irregularities do not

n~p along field lines but they can be recognized easily for a change of

altitude at any given geographic latitude and longitude.
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DEVELOPMENT , CALIBRATION AND INT EGRAT I ON OF

EL ECTR ICAL AND M ECH ANI CAL INSTRU MENTATION FOR SCI ENTI F IC E X P E R I M E N T S

PETER B. ANDERSON



1. rr~n’1~xucrict.~

This section descr ibes the engineer ing activities during this contract

period . Individual project areas have been sukxi ivided for clarity.

2. AEXJLUS 1~X K E~rS

Develop , calibrate , and integrate electrica l and rr~~hanica1 instrumen-

tation for scientific exper irrents to be flc~in on t~~ AFX)LUS Rocket payloads .

(a) Electric Field and Electron Density Maasurarents (AlO. 302.1)

The objective of this exper im ent was to determine the electric

field influence on ion and electron notion. This was accanplished by launch-

three rockets , the first t~m of which were chanica l cloud releases follcr~.ied

by a third carrying the diagnostic instrurrentation through the chanical

cloud. The instrm.irents for measuring the electric fields and electron den-

sities were designed under this contract. The flight instrumentation con-

sisted of four notorizai electric field antennae , electron density sensor/

boan assanbly, electron density LOG electrai~ ter , and a main electronics

package. The interconnection diagram shc~iing the above units is shc~’n in

Figure 1.

The engineering effort for the above instru rentation Lnc lixled circuit

design, printed circuit layouts and election density sensor , anti electronics

package design. The electron density systan consisted of a LOG electrureter

anti level shifter module. Within the electronics package were several

printed circuit board assanblies. Each printed circuit (PC ) board performed

specif ic systan functions. Board level functions include the pcwer su~~ ly

program t imer , sweep/calibration , program monitor , difference amplifiers,

anti electr aneters . A schanatic of the four electric field electrciieters is

stx~~n in Figure 2 .  Af ter the flight hardware was fabricated by A~~L , the

instxurents were aged with tanperature. Next , the flight systan was cali-

brated in all nodes of operation. Fi~nally, travel to N1~ at Churchill,
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Manitoba , Canada , was made in support ct the launches .

(b) Electric Field Moasurai~ nts (A10.403.3)

For this payload , instrurr~ nt~ t ion was required for only the electric

field n~ asurarents . The electric fi e ld  f l ight  systan was identical to the

above hardware and was prepared in parallel wi tn it. Launch was made at a

later date , but on the same field tri p to NIC.

3. t~ SP SATELLITE (SSI !E)

Ionospheric p1a~ nas monitors (SSI/E) will be flc~ n on three (3) Block

5D Et’~tSP satellites to make in-situ measur ~~rents of topside pla~~~ scale

height , ~~~1l-scale ioniza t .on irregularities and F region critical fre-

quencies . The SSI/E syst~~ design consists of the follc~ing:

Electron Probe: A spherical electrostatic analyzer (2¼” dia.)
(Bocrn r~b~nted) Weight : 0.16 lbs .

Density range: 10 to 5 x 10~ per an3

Corresponding F region critical frequencies 1 to 30 mHz
—

~~ 
—10Current range: -10 to -10 amperes

T~~perature range: 1000 to 15,000 degrees Kelvin

- 

. Satellite potential: +5 to — 10 volts

Ion Probe: A planar electrostatic analyzer (3” dia . x 1.9”)
( Bcxzn r ’bunted)

7 We iqht 0.62 lbs.

j Density range : 10 to 5 x l0~ per an3

Current range : 5 x ~~~~ to 5 x io~~2 amperes

Tanperatur e range : 1000 to 15,000 degrees Kelvin

t Ion mass range : 1 to 35 arnu

Electruücs Includes posit iv’ - and negative electrar~ ter an~ 1ifiexs,
Package :

sweep and bias circuits , timinq and control electronics ,

digita l interface cir cuitry and p~~~r converter . Dim. : 4”x4”x6”

Weight : 2.92 lbs .

5 -- ~~- - - a



Total Weight - 3.7 lbs. (Excluding Boc*ms and S/C Harness)
ions:

Total Pci~ier — 3 .0  watts

Tota l Vohire - 150 in3 (E~ clud ing beans)

Telcinetry - 180 bits per second

Six samples per second are taken on each of 2 sensors re-

sulting in a spatial resolution of 1.0 kin for the electron

density measur~~~nt. A pla~~~ t~~nperatur e measurc~~nt is

made every 900 km.

Considerable tnne went into develop ing lc~’i pc~ er LIX electr aneters fcr

measui ing positive and negativ e current over a five (5) decade range with

a minim~ n current of i0~~
2 amperes . The outputs of the electrc ineters chang e

at a rate of 1 volt per decade of input current. A sch~~~ tic of SSI/E elec-

trareters is shcwn in Figure 3. The electron pr obe is connected to the

negative LOG electr are ter and the ion probe is connected to the positive

LOG electrci~~ter . The electrc xneters are located on a printed circuit boar d

within the electronics package. The electronics package also cont ai—xs the

rest of the syst~~n circuits which are separated f ran the electra reter s by

a shield . Other printed circuit board designs conta in the level shifter

circuits and anal og tel~~netry monitors , sweep and calibration control cir-

cuits , pr ogram t imer , and digita l data inter face circuit . Since the electro-

meters and their outputs are f loating at potentials with respect to cir-

cuit catTrcn , level shifter circuits are reguired to reference the electro-

meter outputs to tel~~retry cari ~~n. The level shift ing is accanplished by

a different ial amplifier which treasures the difference between the electro-

meter carir ~ n and the electr are ter output. The output of each level shifter
I 

- cir cuit is wired to the digita l data interface board . The program timer

circuit is clocked by a synchronized 1 li z pulse ( read pu lse—SSI/ERED ) f ran

the spacecraft which is used for generating a 1024 sec program cycle . The
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sequence - v t ~ with in the progra m cycle is shc~ n in Table 1.

• I t  ri’t r: output consists of t~~ analog lines and one digi tal line. The

t~~~ analcxj l ines monitor tei’nperature and the resting bias node which is pro—

grairr~ble wi th  ci digita l ca~inand signal. The digital line ~~-; a nuiltip lexed

signal which contains the electron , ion , and event monitor data . The digital

data interface board converts the electron , ion , and event monitor analog sig-

nals into a single di~j ital NRZ (non-retu rn to zero ) data signa l , designated as

(SSI /EDP~T) to the OLS (Operationa l Linescan Systan) . This data signal is trans-

f erred in phase with the OLS supplied bit clock in bursts of 180 contiguous

bits at a bit rate of 1000 Hz + 1 Hz. Upon cc]m~nd (SSI/ERED) fr an the OLS,

the SSI/E provides one 180-bit data block per second with the least signifi-

cant bit (LSB) occurr ing first in the first ~~rd.

The SSI/E 180-bit data block consists of twenty 9-bit data ~ )rd5 as

follc~ s:

7 Samples Electron Data (Wa rds 1, 4 , 7 , 10 , 13 , 16 , 19)

7 Samples Ion Data (I~~rds 2 , 5 , 8 , 11, 14 , 17 , 20)

6 Samples Event t~bnitor (%‘brds 3 , 6 , 9 , 12 , 15 , 18)

All data is stored in SSI/E shift registers. (~ice per second a read

pulse (SSI/EPED) of 180 ms duration f ran the OLS allc~,s the registers to

shift out data a xjuire during the 1000 ms period prior to the E~ D of the

4 read peric~ -is s~x~~ in Figure 4. %‘brd 1 is shifted out first.

The above SSI/E circui t designs were initially breadboarded by AFGL

and then evaluated for 6 months witbout experiencing a failure. After the

breadboard evaluat ion , the flight printed circuit board designs were a~n-

pletvd . ~~~~~ the f l ight  sensors , printed circuit board assc~nblies, elec-

trorucs package, and DC-[X2 converter ass~ rblies were f abricated by AFGL. fl~~

fol1~~ thq chart s1~~~s the status of t.he three flight syste~~s on 30 April 1977 .
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~~~~~~~~~~~~~~~~~~~~ 
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Figure 4. [~4SP SSI/E data cycle .
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Figure 5. SCATh1~ surface and boon mounted inst.rurrefltS.
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Function S/N 1 S/N 2 S/N 3

Ass~nb1ed x x x

Aged x x

Calibration x

}~ A Integration X

Vibration Tests x

Thermal Vacu~~ x

Vandenberg GO-No GO x

Launched

Travel to several sites in support of the first (S/N 1) SSI/E syston was

made . C~ e trip to the Westinghouse plan t was made to evaluate the digital

interface between the satellite and the SSI/E digital data interface circuit.

Also , several tri ps were made to FC1~. for the integration , vibration and ther mal

vacuir-r tests. F inally, one trip was made to Vandenberg AFB for a prelaunch

Q — N o  Go test for the first flight systan.

4. SCAThA SATELLITE (SC6-l , 2 , and 3)

The Thermal PlasRa Analyzer (SC6) will treasure the direction and magnitude

of the pla~~~ bulk rr rition , the density and terperature of the pla~~a ‘bath’ in

which the satellite is irrim~�rsed , and investigate spacecraft-plasa~3 interaction

mechani~~s by treasuring fluctuation in vehicle potential and charging and

discharge currents to the satellite due to environmental factors such as solar

ilhznination, satellite notion , pla~ na tanperature , density , and motion varia-

tions during quiet and disturbed conditions. It is also aimed at studies of

these properties under controlled conditions when the spacecraft potential is

varied by means of an electron gun . These constitute scu~ of the prime treas-

ur~ rents required to understand and solve the probleil of spacecraft charging

at high altittrles.
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The Thermal Pla~ n~ Analyzer consists of three grickled sensors and an

electronics package (SC6-3). ¶I’~~ sensors (SC6-l) are n~~ nted on a boon

3 meters f ran the nearest space vehicle body—mounted canponents. The third

sensor (SC6-2) is body-mounted on the conducting end of the space vehici - .

The norma l to the aperture of one boon sensor is parallel to the norma l to

the aperture of the surf ace sensor and also parallel to the space v -hick

spin r~rrrntirn vector. The second boon sensor normal is perpendicular to

the spin vector . The experiirent will measure, by retarding potential analy-

sis , the environmental electron and ion densities in the range 10
_ i 

to l0~

per and particle energies in the range 0.1 to 100 eV.

Basic n~~ hanical design of the gridded probe is shcMn in Figure 5.

The Ca~Dined measuranents fran the ~surface rrx~ nted sensor and the lxxiii

mounted units make it possible to ascertain the influence of photoelectrons

fran the spacecraft surface. Photoelectron production within the sensor is

further minimized by restricting the sensor aperture field of vi~~ to a 15°

half-angle cone. Depending on the voltage of the collector and stepped grid ,

electrons or positive ions will be measured . [Xirui- ; disturbed conditions

the vehicle potentia l may exceed 100 V negative. In this case, the potr~itial

is determined fran the positive ion sensor where the thermal ions arr ive at

the vehicle with average energies equa l to the ii therma l energy plus that in-

parted by the energy equ ivalent of the spacecra~ t x)tentlal .

The electr ical configuration of the sensors is shc~in in Figure 6.

Using grc*ind ccunnands A , B , and C , the boon and surface mounted sensors can

be operated in a large minber of ion or electron nudes. Caivnands D, E, F,

and G select eight (8) aperture—bias levels ranging f ran -50 V to +50 V.
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4.1  SC6-3 ELkX~T1~I’~IC CI}~~UIT [*SCRII’rIC~S

The syston Block Diagram (Fiqure 7) shows the major exper ii~~nt ccrnpo-

nents in addition to specific circuits develc~ed for the math electronics

package SC( — 3 . The fo1l~~iing paragraphs provide a brief descr iption of

these circuits and their relationshi p to one another.

4. 2 EL.EX~P1U~1E’rE}~

The linear range switching electraTeters (Figure 8) are current to

voltage amplifiers designed to have an output of 0 to 5 V for each decade of

input current . Each sensor ’ s electrareter is progranned to treasure either ions

or electrons. The electrareter uses a M~~FE~ operational amplifier at the in-

pit to treasure four decades of current over the range i0~~~
3 to lO~~ A. As the

output voltage approaches 0 or 5 V , the electrareter is autanatically switched

into the next current range . Interna l calibration signals are applied to the

electrareter input in each range approx imately once every hour .

Because extr~rely high values of feedback resistors (I~~) are necessary ,

the electr areter circuits tend to be t~ rperature dependent . Therefore , a

separate tørç)erature monitor ( thermistor ) is provided for each electra reter .

These outputs will be used to deten nine in-flight anpilfier characteristics

based on preflight laboratory terp erature calibrations and testing .

T~- achieve the various operation nodes of the experiment, several fixed

and varying voltage signals mast be periodically applied to the elec ~areter

ooiiro n and sensor elare nts. ‘It do this , the electrareter camon mast be

electrically floating with respect to the systan oor~ton or spacecraf t ground.

Since the electrareter output voltage is conseq uently “ riding on” the varying

signals being applied to the electrateter caruo n , a levei shifter circui t

nust be ~ tp1oyed to reference the 0-5 V output signa l to systan carm n.

4.3 lEVEL SHIP T’ERS

Each level shif ter circui t is a differential operational amplifier which
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.~~~ Isures ti~ •~ i~~f u r ~ i -  ~‘t ~~~ ’i I t ~~~ ’ C l ” i  1~~~’~~I - C(~~ 1’ I j . , tJI (~ ~J J ~ ~~~~~~~~~~~~~~~~~

‘T’ rte c~ ,~~t r r z i - t ’ r  -~e r r ~ ;S ~~~~~ ~~~~ -::‘ t~ r - ~~* - ~ ~o tO~~~~ t r ,’ ‘(1~II~~! .

The ‘P vui - u f ti r i q  is ~ichi .~’ .- ’ ~1 t ’~ ‘ . ~v :i~ t act elt  ~~ ‘ rc tTI ~tLr  n ~~~
t~k t21t ’ r( lTFt k~t}xfl :~~‘ : I . l~~~ a’’ 10 , i5~~t~ th e  r -si ~; t c r  av~. a :t  ~~~~~~~~~~~ k~

as ~~~~ u~ ~~: ~re 9. S n 2 ~x tJ~~~~’ aj is :~~~a -r ~ t 1 i~~ : r>i . U e~~ --~~ r rT1 t L- r imc; ~

i~~- L1~~ii ta iiOV t~ux O i : 1 S~~~s is flt~~~ ’t ~Sarv 0~. r$ d1i~-I~ 1~ V~~~S ~

a. Uk : : ‘ - : 1xti i~i );
~~~rdt a~~T ~~ L (T $ of tx ~~ i k 1  ~t . x r ,tj  ~i ii a l i~ _ i S .  Tht r’~ 1~~-~~:

I L’V$ ‘is u t~h* ~n iTp~aianc-e ;ru t ck:~; ~tj -rtu ;:i tOt ‘ vol ~aa~ - i c~ r—

U- ~u~i app 1~~~i t o th~ ia~ut ~ f t~ t -  .~~ f i r o ~ ~.d )j~~~ t O i c I I . . ~~i

~~J~~~ er U 3, -~-.~uch In~~i 1f ~ - ,~ tL~ a f f e r e a ce ~- - f  t i t ~ t~~ s~~ oals b-; 10.  :i~~~ : i t —

Lii l &  t- ~~n U 1, U-i , i~~~ U 3 is ~ sw1 t( -~~~~.~ ~rranqaTent t - t :  ~~~~~~~ ~~~~~i~~tY .Lt~~

4 L f f u r - ~ :.c~ s be~~~~n ion and electron Sij ~~~lS. T!~~ out u t  u~ U 3, ~~uxr~ is

erenced tu :1 rcu it catiron , is sent to the spacecraft data transnu t t - sys—

• ~ 
- to the iutrir~ tic range—switching circuit.

4 - 4 Al ‘I~1.1A’’I(’ ~~~~~~~~~~~~~ CI}CUITS

‘
~~~~~~ ~ut~ ~ut the iev~-~ shifter is connected ti a c~zrparator circuit

~~~~~~1~~~~I ~rim t: t : :  range— switch c1rcu~ t (Figure 10) to t ither step the e1et2

- r -r i  ~ r x: ur ‘~~ i u t ~) a fleW seasit iv~ Ly range . Tiu s i x ~ru ; whenever the

i t ’V~~i sai~ ter out :Jut si ma l goes belcM 350 mV or above 5.0 V.

‘
~~~~~~

- a j / ~~ u ccmriar~i line has a 400 msec delay net~~ rk to ;Iiiter out noise .

Ar to x~~a tiv’ - cam~ md has been establisl-~xi , an up/dc~ in ccarnter LS advanced

by - r ~ count. The counter has a Binary CtxleJ ~~ciitu1 (BCD) output whi ch is

~ -r ~. ~ to opera te reed relays in the electrczreter. These relays ire in the

resistor t (- .~f l---kA1c :k I ’~~ izyi conti - 1 the current to volL~i t t - relationslup. The

out  ~~~tx. ir.~ •d so ~~ ii to con tro l th e  range rionitor output volt - i  ~~~
- i r ’vt-ls .

The up/dc~ n mul Ler Is -r e .~ uca~ ly j~uiiireu with a CXX1C for controllu~ the

ca~ .bration of the ctiectr(1r~ ’t . - I  :xn- a~~; this rrrxle, the ranq ’—switch cii~~a

is iak iX ~ t t • id .

-
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4. 5 ST~~ ~~‘~ RA1D}~

T~ D step c~neratars ( i lt r i md t ’ l t ~ ’t ro i . )  are us~ i for stepp u~ j tj ie sensor

gr id elare nts and the electrareter floating calTron . Ckie generator is ap-

plied in the electron nodes and the other generator is applied in the ion rrKxIes.

4 .6  TIMING !~ND CCNI’RDL CIl~ ’UI~~

Timing of the systan program is clocked fran a spacecraft-provided 1-liz

pulse. The systan program cycle is approximately 1 heur long . The cycle is

achieved by using a 12-stage counter and a diede matrix as s~~~n in Figure

11. The deccded lines fran the matr ix are used for controlling the electro-

rreter calibration sequence and s~~ep periods. The systan timi sequence of

events is s1-x~~n in Figure 12.

4.7 TE~~~1E’rr~Y C&YrPiJI’S

The experiment data output lines are listed in Table 2. Each output is

fed to a telaretry systan consisting of an 8-bit 1~nalog/Digital conver ter and

a Pulse CCKIei ~~x1u1ation (Pa4) encoder

I
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CAL CYCLE - INTE RNA L EI i CTW O METEP CA L IB~ AT - o h ON EACH Of THE FOUR RANGE S 

-~~~ ~~~~~~~
— - - 4 096 s.C - — - — -

A i CA L
-
~~~ 

‘
~~~~~ lrA1 ~

~ ~ ~ L ~ J ~ --

~
. I~ I~~~ i RA l~~1

- - —r —~~~~~~~~~ 11 2* .c
NANGE RANGE2

STEP GENE RATOR Ova $ - I 5 S T E P S ( I 6 ~ .c EACH) RE PLATIN G EVERY 512 s.c

E

ON 5 T $  V - - ~~ ELECTRON STEP
GENERA l 0~ GENERATOR

- IOOV—
-
~~~ k— I6~ .c -

2O Rse c -- -•

h.— ONE STEP CYCLE ,-

Figure 12. sc~ r~~ systan tirr~~ sequence of events
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‘i’d i ) l ’  1. S(J~’Fi L/\ l)d t~ Al t  1u t , l f l (~~~.

~~~~)utpit Do i~,t ion Randwiilth or Bits/sec

*C~.~r-rent Sensor iA Ana I (iF 8/sec ( 4
*F~~ge/(~~l Sensor L’\ Analog 8/sec 64
*O~~r~ -~t Sensor lR Analog 8/sec 64
*p~~qe/Ca1 Sensor IR Analog 8/sec 64
*Qi~~ent Sensor 2 Analog 8/sec 64
*p3fl ge/c~11 Sensor 2 Analog 8/sec 64
*Step rkx itor Analog 8/sec 64
Event rk nitor Analog 2/sec 16
T~ TIp t-t nitor 1A Analog 0.0625/sec 0.5
Tanp ~-bnitor 1R Ana log 0.0625/sec 0.5
Tanp ~t~nitor 2 Analog 0.0625/sec 0.5
Bias r-~ nitor Analog 0.0625/sec 0.5

~~~~~~~~~~~~~~~ output s~ords to be contiguous in the tel~~~try format.
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ANALYSIS OF PLASMA AND FIELD MEASUREMENTS

ABOARD THE INJUN 5 , S3-2 AND S3-3 SATELLITES

WILL IAM J. BURKE

56 - I



1. fl~~~ X~~Ci’I~ N

This n~~t o -  is  subTutt -d as a t ir4al report on ~~ rk accomplished by

Dr. William 3. Burke between 1 September 197S and 30 April 1977 . The

bulk of the s~ork concerns the ana lysis of plasma and f ield n~ asur~~~nts

- Air Force experiments ~W€klr the ifl jun  5 , ~
- 3— 2  and : i—3 L~~t e1 l i~ t-s .

The purpose of these analyses is to increase our understanding of physi-

cal processes in the topside ionosphere and to develop suitable instri-

rrentation for measuring low energy plasrnas found at up to 7 earth radii

(R E ) .  Using expertise developed in the f i e lds  of keV particle measure-

ments, theoretical rnagnetospheric physics and micr owave raro te sensing ,

prior to joining the Regis College Research Center , I have spent approxi-

mately five percent. of toy time consultin g, on an informa l basis , with

Air Force scientists in the Geanagrieti~~n and C~tica1 Physics branches

of AFGL. The purpose of these consultations is to develop nore inte-

grated systems for the detection of particles and fields using instru-

mentation aloard Air Force satellites. Work concerned with each of the

atove described endeavors is outlined below.

• INJ1JN 5 DATA REIXJUI’ION AND ANALYSIS

The first three rronths of my ~~ rk i~~s given to doing rather funda-

mental 1 Lbrar~.- research concerning the theo ry of lam iinui r probes, and

fa~u liar izing myself with previously reported ir~ asurements from the top-

side ionosphere . Between December 1975 and April 1976 , 1 began an in-

depth re—evaluation of the state of Injun 5 data reduction . Several

serious errors , introduced by an unsuspected spur ious ground coniiiarid ,

were detected . Several nonths were spent in rewriting Injun 5 data

reduc t ion programs , done largely by S. C. Bredesen of AR L.  With these

rti xiifications , sc ien t i f ic  anal ysis began.
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The corrected Injuri 5 data were used in four major and t~~ subsidiary

studies. These include:

( 1) The interaction between polar cap and auroral zone precipitating

particles and the topside i onospheric plasma .

(2) The effects of precipitation on the electric potential of a

satellite near 2500 km.

(3) Direct measur~~~nts of the heating effects of energetic photo—

electrons fran the conj ugate ionosphere or the nighttime top-

side ionosphere .

(4) Direct observations of plasma erosions fran the topside iono-

sphere dur ing an intense geanagnetic storm.

(5) A theoretical analysis of the response of a gridded spherical

electrostatic probe (similar to that of Injun 5) to anisotropic

or non-Maxwellian p1a~ nas.

(6) Ti-c effects of secondary electron emissions on measur~ t~nts by

Inj un 5 electrostatic analyzers.

The first t~~ studies involved a cxxrparison of sinvltaneous obser-

vat ions by AE~ L 1~~i energy pla~ na detectors and those of the University of

Ic~~a I EPEDEfi. experi~~nt aboard Injun 5. A preliminary version of the first

study was presented at the April 1, 1976 , meeting of the American Geophysical

Union . A nore detailed study has been accepted for publicaUon in the Jour-

nal of Geophysical Research (JGR) in 1977. (Cf . References 1 arid 6.)  The

seeond study was presented at the Spacecraft Charging arid Technology Confer-

ence sponsored by the Air Force and NASA. A paper based on this report has

been published in the Proceedingi of the conference. (Cf . Reference 4 . )

r~~c to the tilt of the earth ’s axis with respect to the ecliptic

plane and Ui* - o f f s e t  between the geographic and geanagnetic poles,

energy is exhanged bet~~en conjugate hemispheres. At the time of the
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winter solstice , the southern ionosphere is nost illuminated by the solar

flux . It is poss ible for a point in the southern hemisphere to be in

sunlight and its conjugate point in the northern ionosphere to be in dark-

ness. &iergetic photoelectrons generated abov(~ 250 km in the southern

ionosphere have mean free paths greater than the ionospheric scale height

and can escape along magnetic field lines to provide energy for the night-

time conjugate point . In Figure 1, we have plotted contours of constant

solar zenith angle at 300 Jan in the conjugate ionosphere for given northern

magnetic latitudes as functions of geographic longitude. The calculations

assuw~ that the longitude in question is at local midnight near the time

of the winter solstice. These contours show that the deepest (in latitude)

penetration of conjugate photoelectrons occurs over the western Atlantic-

central North ~~~rican longitude section . No conjugate photoelectrons

slxxild be observed in the Asian longitude sector . Because there is a

heat source available to north P~~~rican but nctAsian mid-latitudes , the

ionospheric scale heights measured over the United States will be greater

than those found aver the U. S. S. R . An exasple of the heating effects

of conjugate photoelectrons is given in Figure 2 , where we have plotted

the electron t~ !peratures (Te ) and densities observed by Injun 5 during

quiet t ixr~ passes aver central Siberia (orbit # 1325) and over the western

part of the United States (#1331 ) . The satellite was at 2500 km in both

instances . High electron t~ rperatures are found in the trough in both the

eastern and western hemispheres. Equatorward of the trough , Te ~~°P5 tO

about 2300 0K over Siberia, bet maintains a value = 4000 °K over the United

States until the conjugate solar zenith angle beccires greater than 105°.

For higher conjugate solar zenith angles on #1331, Te falls to a value

caiiiarable to that found at sub-trough latitudes on #1325. A preliminary

report on this study was presented orally at the International Syrrposium
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- ~ ~1. I I  — - 1~~- r I ~~ - 1 ul  Ph’i~; 11 (I~~u 1 - - r , (~ I r~ 11 1 , - lul l 1’ ) / 4 ~ I . A nr  n - I

t 0  l~~i nt nJ\ w i l l  he l ) r . - u e nt t o  at th e ~977 Spring Annual Me~’t I f l I l ~~~ t t he

- 
. A WI 1 t t ‘ii v1’r1-;ion has I x 9 ~n suliintted for pubi icat ion in t l i t  - I I  . i

ot -k ~~; -h’;~;icu1 Resear ’ii .  ( Cf . Refe rences 3 , ‘J arid 11.)

~~~~fl ~n . t . ~~~i )  WdS LI -IV In ;  toe  ~~o - l r I h (‘ ll I I l  in ~ hI ~ a J 1 (ii j ) / 4 ,

the ~u~~~-st ion woo ~~iue that I f inish her ~~rk on the rr~ajor r~~~5netic storm

( I ~ 2 ~~ Cctober - 6 November 1968. In~un 5 was in the late evening local

t i~~- sector arid had fair ly qooi coverage of the storm . Of part icu l- i r

interest to thi - sc Lt ntists n~~1e1llng the topside l onospher - is thu iono-

spheric response to prolong ed geanaqnetic activity. The hst hiot ry of

the st~ >rr:~ is ( ,u t i i r l c~. i In  i i — ~ur c- 3. Tirr~~s of Injun 5 orbits and bs’ -rveh

hAP act ivi t ’ . are indicated. The electron densities observed at - invarian t
- 

I t ’ ~~~I ( )  at 60 ” , 550, . ., 40~ as functions of universal tin~ (UT )

.~~~r r u ~~ ~O -  OtOITI are given in Figure 4. Orbits #991 and #992 occurred

-‘ ..
- 

~~
- r t ne  ;torn ’ s sudden ca r~~ncam~nt arid provide the quiet t irii~

• 0 - -~~-u . ic :. o-n . A11 iota were taken in the alt ~tude range 2000 ~

:4 r , ~ ‘)V ~~~~ the North Ar~ rican longitude sector . We note that whereas

tflt 1eris~~ e (~~~ - 
- 

i h e  550 inrr~xliately responded by decrea sing densities,

h.- .:enoi t ’ . re~~~ined unaffected for several days below these latitudes .

~~ note t~~~t ny the toLi r th  clay of the storm , dens i ty  erosion oceuri~x.

even at = 40~ , This observation irrplies that the magiietospheric . lec-

t~:ic f i eld ~~.s a~ i to penetrate through the reported posit ion ot t he

p1a~~~ pause - l u r ing the stor m . A detailed study of the lnjun 5 obourva-

tions has been guLnt.ittnd for publication in the Journal ot t y o i c o l

-;earct . (Cf . Reference 7 . )

The t - r t i C. I study on the response of gridded spherical electro-

static probes t~~ non-Maxwellian plasmas was notivated by the knowledge

tha t frequently distri bitions found above the ionosphere have “stud ent-t”
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rather than gaussian shapes. ‘rhis study showed that with Inj un S type

i nstrumentation it is not possible to use current vs. applied grid volt-

age curves to distinguish the two type distributions . It was shown tha t

mistak ing a “ s t u l e n t — t ” i istr i hut i on for a gaussian led to an overestirr~ite

of the electron de~isity and mean therrm~ l energy . The instriu~~ntation

planned for SCAThA , however , should be capable of distinguishing the t .~~.

type distrib ution s if the signals are above the amplifier ’s level of

sensitivity. Such conditions should be met when SCATWI is insiJ tb-

plasriusphere .

During September 1976 , R . C. Sagalyn of AFGL received a f i rs t  draft

of a paper on Injun 5 observations fr an the Max Plank Institut für

P.eronanie for cat~~ nt and review. Since the work substantively over-

l°i~;~~ i what I was doing , she suggested that we undertake a collaborative

endeavor . As a result, one and one-half nonths were spent analyzing the

In~un 5 data referred to and ntudy ing the effects of secondary electron

emissions frem the In j un 5 instn zt~ nt s. A first draft of an internal

report on secondary emissions was cciipleted and a detailed cri t ique of

the wo rk of the Gerim~in scientists was returned to them. It  is likel y

t i o t  within a year ’s time, a publishable report will cai~ out of this

worr’ . We also believe that the tu tu spent learning the theory’ of sec-

ondary electron emissions will pay rich dividends during the analysis

of SCAThA data.

A review of my work on Inj un 5 data was presented as an AR L/PH

seminar on 13 January 1977 for the benefit of Air Force scientists .

(Cf. Reference 13.)
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S3—2 ANt  5 1—

I t  was iuiuI  - r s t u x x l  that m r  I i i . ; t h e  peri (xl ot Injun 5 analys H , I

~~uld a l a  L~ ava i labia for consul tat ion  ar~ srxr ’ inalysi  at  S 1—~ u~ i

S I — d a t a .  Ret ore hr.  F. J. Rich loined tile group tri ~ - ~~
.;- e~J car irrol

of the idalk i  f low data JUiO i~~O i S , 1 spent O~~~j  r ax l r lot  ( 1/  one i~k I I i — 1 ~~~~~O~

assisting Dr. P. Wildn~ n of AF~ L in the preliminary Stages of 5 3— 2 uiita

reduction . I have also spent time or a consultant t o  Dr. N .  Smiddy of

AF(IL on the analysis of auto frai-i the S3—2 electric f ie l d  experIment .

We have f uoi o ht i~i t h e  analysis of a rr~iqnetic storm duriria Noy ,  1 7 /  wn~-r ,

intense electric fields wore observed at the pla~~~pause uii at tb .  t i m e

arid place of an ooserj eI l SAR arc. This research will be presented at the

1977 spring annual meet i ng of the AGU . A detailed report will be sub—

Titted to Geophysics Research Letters for publication . Further analyses

of the rr~gnetic storm electric field observations of S3—2 are planned for

the surruu r of 1977. (Cf . References 10 and 12.)

4. (YTHER AIR FOICE PEU\TED AC’PWITIES

An informel relationship has been established between myself and

Lt. D. Hardy (USAF ) of the Geanagneti~~n Branch of AFGL. Both of us have

prior experience analyzing plasrria data observed by means of Ppol lo instru-

rrunts on the surface of the noon. A preliminary study entitled “P1a~na

Mantle Observations at 60 RE” is in the final stages for sutinissiori to the

Journal of Geophysical Research for publication . Further studies of obser-

vations in the high latitude lobes of the geai~ qnetic tail will be under-

taken. We have found evidence , based on spectral characteri st ics , that the

tenuous pla~~a observed at the ~ton is the same as that lxrnbarding the

polar cap iorosphere . This would provide a direct l ink between the distant

megnetotail arid the polar cap iorosphere . I t would also provide a direct
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measure of the enk -i q\ ova l Libi  - to meintain  the n iqht—t irr~ K 1 - t i  c- in  in r i a —

s: here. ~Cf . Hi - h - i  e000 4 .

H~’tar. - corn no to the Research Center , I was 1 Nationa l Hi a ui  oh Council

Fellow at Johnson Space Center study ing the effects at soil i r o i n t ar . -  on t h e

microwave (i~TiSS1oflS 0 ni toir- i 1 t - rr - ii ri. ;. in t b  a; t~~i - - I , i o:  ,t aPi  ;

an irforru l consult LrI 1 relation ship W i t  a V. Pu 1C( il~ - at t t i~ - ~~! ica l Physics

h~v~ sion. Instr~ tunts similar to those with  which I have worked on NASA air-

craft are to be flown on Air Force 11’ISP nut - l u tes . Ckir aim has been to

im~ke the best use of NASA experimental results for the deve1o~ r~n t of inter-

pretative algorithns for future Air Force passive microwave data. Since

caning to Regis College, I have on my own time, contribeted to the NASA

technical rx te on microwave r~it te sensing . Ar~~ther artic I e on the same

subject has been subnitted for publication in the Journal of Geophysical Re-

search. (Cf . References 2 arid 8.)
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b.  RWEJ NCEI) ABSTRA(~I’I~

1. INJUN— OBSERVAT 1C~ S OF’ l~J~ I NEHiJY ELLX2T1~l)NS IN THE EVENING SEC’IOH

TOPSIDE ICt’IOSPHF.RE

The miar orbi t tng In ju n— 5 not ellite is equipped wi th t~~

spherica l electrostatic analyzers measuring currents produced ny

thermal and hyporthermal electrons and ions with energ ies in

excess of 28 eV. l~~~~ rep ort on observations made by these instru-

ments over the altit ude range 2000—3000 kin near 20:00 LT. The

curren t characteristics observed in the quiet time polar cap

reg ion show consistent electron densit~.es and tai~ eratures of

- 1000 and 2000 0K. Aurora l zone observations are reported

in conjunction with the Iowa State LEPEDE I\ E-t spectreqrams to

identif y “ inverted V” signatures and the effects of precipitation.

These effects include : ( 1) The production of ionospheric density

and ther ma l irregularities and (2) rapid variations in the space-

craft potential. The equatorial kx)undary of the preci pitation

region is marked by a pla~ a with t~~ distinc t thermal electron

populations . These relax to a single Maxw ellian distr ibution

at lc~cr latitudes.

2 . RESUL~~ OF SOIL ~‘OIS’IUPE FLIGI-TI’S DURING APRI L 1974

The results presented here are derived fr an nuasur - nts made

during the April 5 and 6 , 1974 f l ights of the NASA P-3A aircraft

over the Phoenix , Arizona agricultural test site . The purpose

of the mission was to study the use of microw ave techniq ues for

the r iiote sensing of soil noisture . These resul ts inca -

infrared ( 10- to l2-~jin) 2 .8— an and 2 1—an brighthess t~~porat ures

for approximately 90 bare fields . These brighth ess tEmperatures

70

________________  ________  a



u- ’ c i r~ ~lro wiG sun t oc~ iii -osux~~~ nts of the soil r~~isture made

at t U e  jji~ at tht - overflights . These data ind i cate that the

ccznb Loot 100 at~ the sum and di~ t ‘ roncu o~ th e  ver~ i ( ~O1 ) ‘ ‘  d r R 1  Uit

hor i zonta l 1: Fx lar i zod r i  Th tUess terru x: rot i  10 :-~ ,‘ i  eld inforrtution

on both the soil nnisture and surface roughness conditions .

3. ON THE HEAT ING OF PLAS:- tA TI~~JGH E ECr}~Tj~S

Current  character i stics ef a spherLca~ electrostatic analyzer

aboard the polar orbiting Injun 5 satellite have been used to

stud y the pla~~~ properties of the evening sector plasma trough ’s

roleward boundary in the altitude range 2000—2500 km. It is found

that the plasma is marked by t~~ distinct electron populations

-~ -uch relax to a single Maxwellian distr ibution at lower latitudes.

A l inear regression analysi s of the tenperature of the thermal

portion of the bounda ry layer electron population as a function

of the hourly average of the auroral electrojet (AE ) index shows

that

To 47~~3 + 6 .04  .

w i t h  a correlation coefficient of - .9. These observations sug-

gest that the trough region serves as a theni~~]. sink for heat

deposited in the auroral ionosphere by precipitating ragnetospheric

particles. The relative merits of various heat transport mechanisms

are discussed .

4. INJUN 5 OBSEFNATIONS OF’ VEHICLE PO’r~~ r IAL FLUCTUATIONS AT 2500 KN

The AFGL spherical electrostatic analyzers aboard the polar orbit -

ing in j un S satell i ii were designed to measure the tenperature and

density of the })1a~ Tk11 as well as the vehicle potential. Signifi-

cant vehicle 1x a ential  fluctuations have been observed at altitudes

7 ’
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f lee  2500 ~n u~ t h  - ~ l g n t — t  ime , tops id~ :’ ionosphere . At auroral lat i—

t ikIes , recip itot ing magnetospheric electrons frequently dr i ve the

satell i te to such stronql’i negative potentials that the ambient

electrons ire shielue t ran our instruments . In such nOne:; s :mui—

taneous measurar~ nts by th — Iowa State University LEP EL)EA oxper -

ment can b~ used to calculate the vehicle potential. Potentials

of up to -40 voits are observed dur ing impulsive precipitation

events. Within the p lasma trough, vehicle rx tentials vary bet’~oen

-1.5 and -4 volts , as ca’npared with the -0.5 to -l volt observed

in the polar cap . The source of this vehicle potential enhance-

ment is ascribed to fluxes of photoelectrons that have escaped

f ran the sunlit conjugate ionosphere.

5. A ~4JDEL FOR INVERrED V PREX IPITATION ORIGINT~TI~~ IN ThE MAGN IOSPFIEPE

Sirmiltaneous observations by the AFGL spherical electrostatic

analyzer and the Lniversity of Iowa LEPEDEA aboard the polar or—

biting Injun 5 satellite suggest a rnagnetospheric origin for evening

sector ~nverted 1’ Hrecipitation. We attenpt to synthesize these

wi th plai~a observation s in the distant portions of the magneto-

ta i l .  ; ragnetospheric n’ xlel is presented followin j Vasyliunas’

suggestion that at great distances fran the earth , the plasma

sheet is bound by a slow node wave ~ nanating f ran the merging

region . I t  is shown that if the earthward flow of plasma is ob—

structed by a magnetic bottle in the neutral sheet , many quali-

ta tive features of inverted V structures may be accounted for .

These include : ( 1) A sharp high latit ude t urn on for structured ,

field—al igned precipi ta tion ; (2) a position for saru structure:;

poleward of the high energy electron ‘ trapping boundary’ ;
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N) ~ex 1 :’utvt ) a re’:-r- ; d toe spheric electric field ;

and ( 4 )  han_ >~;e:n~~n;. ;~~~i t n  ,~~~i t , i t  Len Me lt t M .  j u u t en t~irJ 1x undar’ .

n . INJUN 5 OBSFJ~VATlCNS OF lL~ 1-Nh }~~Y P11\SMA i~ TI lE h IGh —LATITUDE TOPSIDE

ICX’JOSPIlERL

The t~~~’~~ Air  Force ‘~~ ‘er ’hysics I~~ir~ratory (AFGL) 1c~i—c~nergy spherical

electr s~ at in  anal yz . rn u~~.ir a Tnj un 5 have provided observations

-~~n art  w; ~ on - ~~ 1 k:n t ion sith simultaneous J~~’EDEA observa-

tions to stud - .- tl+ e n t r y tt i c  and ambient therma l - i -~rnas in ti it-

evening sector topside ionosphere . Significan t ti ierrr~ii e1~~ctron

f lux ertharict~ unts arc ahnerv ~l in the vicini tv of he n o  r t t  ~J— - ’

structures which could be due to either auroral re t urn cu r a ;t . -;

r ionospheric scali — h t - v j h t  changes. Enhanced hy~ -r t h t -rn~i i

(E .~-l t V )  f luxes of positive ions , as well as vehicle ;*  )
~~~ 

-
~~~~ iol

are as the satellite passes t rirough t nvt ’r t  V evonts.

- - t  2500 kr , ttit~ polar cap e lectron ucnsity , t ‘er ~ t ure and . : n- i  -

inf lSit ~ were 89 + 41 n~
3, ~2 14 + 48C °K and 16.2 + 5.3 eV,

respect ive P- Higher enco -~ ef lSj t  i en ;ir ’ Pm inn during tim’s of

magnetic dinturf .uon - . Persistent fluxes of hyperthenna l electrons

are :0. -nt £ f 1 ~~~ w i t h  the 1~ dar rain observed with Isis 2 t -xperulcnts .

Finall y ,  nvicb nct - is cited for the ex ;tence of small scale (20 ~n)

po -ci n Gd . r- tn ( vents it (ir near the e r  ia t arv’ard boundary for

~n1r ’)r o l electron precipLtation .

7. IN.JUN 5 LQi~-ENEF~Ti Pi]~Sr 1A ~;l•~PVATIoNs l1JRI~~ A ~AJOR MAc~~~r I c  SThF~1

Electron densities and temperatures as well as the annidirectional

flux of positive ions with E > 28 eV were measured by the spherical

Larxjiiuir probes aboard Injun 5 at altitudes greater than 2000 )q~

dur ing the October-Novemnner 1968 geai~~gnetic storm period. [)Jr ing
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the early phases of the storm , thc electron density in the trough

decreased and the teir~perature increased As the storm progressed ,

the position of the troug h rtovod equatorward . P1a~~~ erosion was

observed to the invarian t latitude of 40° during the early recovery

phase. The latitude of the transition L~-t~~ en light and heav~’

ion daiiinance also rro-ved equa torward , but recovered at a slower

rate than the position of the electron trough. Vost of the hyper-

therma l ions ruasur -d near the trough were due to ring -current

particles reaching to the satellite ’ s altitude . The minimum elec-

tron deri sit ies in the trough were measured to be within 10 of lati-

tude ot the m aximum ion f l ux .  The maximum electron t~T~eratures

were observed several degrees equatorward of the maximum ion f lux .

At the reported t izru and latitude of an SAR arc , an electron

t~~rperature of about 4700 0K was observed , whereas in the absence

of the r ing-current , a t~ iiperature of about 2000 °I< ~ou1d be

e~q)ected. The observations are also used to evaluate a method for

calculating the position of ring current using magnetic fluctua-

tions observed at ground level.

8. DIR~Xl1~r OBSEINATIONS OF SOIL ~ )IS’I~JRE BY MICF~~ AVE RADIC~4E’rRIC TFCHNIçIJES

An airborne experiment was conducted under NASA auspices to test

the feasibility of detecting soil nuisture by microwave r~~~te

sensing techniques over agr icultural fields near Phoenix , Arizona -

at midday of April 5 , 1974 , and at dawn of the following dat’.

F~ctensive ground data were obta ined fran 96 bare , sixteen hec~ar~

fields. Observations made usinq a scanning (2.8 an) and a nor -

scanning (2! an) radia~~ter were ccznpared with the prethct~nns -:. f

a radiative transfer anission nixiel . It is shc~~ tnat:
74 
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( 1) The emi t ted m t  e n m s i  t’; of ~~t th  wavelengths correlates

La-n t wi t in  the r :e-ii surface min i n tur c .

(2)  The emitted intm nsi tv is la r g ely  usd1 ~~ - nm Jci mL c t  P

s i rfant ’ r-omi. ; lm n s s , whi Ic the h ’ 3 1 t - t  ( t i-~ lar izaLion ~ i s

great ly  affected .

(3 )  The slope ot the intens ity—rr ~)isture curves decreases in

1 ng from c1a~’ i n )  da~n

( -I ) Increased near surface ncistur e at dawn is characterized

be increased polarization of emissions.

The results of the exper in~ nt indicate that microwave techn iques

can tx used t.o observe the history of the near surface rr~~isture .

The subsurface history must be inferred fr an soil physics imnd els

wh i ch ~151? mi crowave results as boundary conditions .

9. DIPEC~ nBSI :WAT P~’;S OF C(1’U1JGATE Ph I(YIOELWI’I~~~ HEATING 1~ TI lE WmTrER ,

~.IG1ff-SIDE i(UJSPI-lERE

~ r~-~t- rt on noservations from the Injun 5 Langmuir probe experi—

~t r t  , - t t h 4  - r i ~il the hypertherimal elect ion fluxes in thu mi dn ight

sector of the northern winter ionosphere at altitudes betwen

2500 and 1000 1cm. It is found that the hyperthermal f luxes ob—

served ~it mid-latitude s , with energies j r ~ ter than 2 eV, resul t

fr om r .hotmx- lectror is that have esca~x~ 1 from the sunlit southern

hemisph~ re . Due to th offset  but~~ t n  t h ~’ getxmraph ic and gear~ g—

n - t iC poles these phiotoelt-et runs are obn -;erv&xi along or bits over

the At lantic Ocean and North 1\am’rica but not ovu m Asia .  At alti-

tudes above 1000 kin the ’ highest elec tr on t t ~~~*~ratures are gorier—

ally observed in the trough - i t  ~~l lc :r tji t udc s . ~~i,t orward of

the trough , hc~~ ver , electron t€inpera ii - listr ii iut ions are
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funct ions of longitude . In reg ions of the topside ionosphere to

whi ch  con]uqatt ’ ;)ho t oelectron s have access , the electron temperature

is 4200 °K for alt i tudes between 2200 arid 2500 km and is -

3000 °F for u t  i t O ( 1(-s bet’~~~ m n 1000 and 1200 km. In  rniin — l-u t i tuue

regions to which conju gate photoele ctron s do not have access , the

electron t~ -r~~rature is 2300 °K over the entire alti tude range .

10. SIJB-AUIUPAL ELECTRIC FIElD OBSERVATICX’JS EURNG A MAGNETIC S~~)RM

Electric field observations from a t~~~ axis dipole system flc~ Ti

on the polar orbiting , spin stabilized , Air Force satellite S3-1

reveal the existence of intense local electric fields perpendic-

ular to the magnetic field equatorward of the auroral oval. ‘fl~e

events were detected in the evening sector near the ionospheric

projection of the pla~napause during the magnetic storm of 1 - 3

~a’:~ 1976. In one example , which we believe to be the largest

electric field ever observed at low altitudes, the field was

280 mv/rn , directed toward maqnetic north at an alti tude of 1460

km WI Lh 0 hundred ki lciii~ter latitudinal extent . These observa-

inns tcxjether with sin nj ltaneous ion dr ift and magnetic f~~-lu

ri~asur€~tcrits are used to deduce the local ionospheric current

syst~ n.

11. ~~~~~~ AND HYPEr~THER’1AL ELECI’1~~4 DISTRI~ JTIONS IN THE MIDNIGHT SEr’IOR

inE THE ‘t~1NfER R)PS I DE ICX~OSPHERE

A grelded spherica l electrostatic analyzer aboard Injun 5 has been

used to measure fluxes of thermal and hyperthernul electrons at

sub-aurora 1 altitudes in the midnight sector of the northe rn iono-

sphi ‘r( ’ between dl  t i t ixles of 2500 and 850 km. Hyperthernul fluxes,

c~
- u rmni ~,cin(j of enerqetic photoelectron s that have escaped f ran the
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sun lit southern hemispher e - are observed along orbi ts over the

Atlantic Ocean ami ~orth Anurica but not over A s m a .  The electr on

temper otures near 2500 kin have their highest ~‘alue s at tro gh for

all longitudes . In th e longitude secto r to wh ich conjugat e photo-

electrons have access , Te 4000 0K at 2500 km and 3000 0K at

1000 km. For r~~~ions wi th  the conjuga te point in darkness Te

2300 °K over the 1000-2500 km altit ude range . Effective spectral

cha ract eristics of the photoelec trons are studied as functions of

latitude and altitude. Based on these observations, it is con-

cluded that : (1) Conjugate photoelectron s are not the major

contribu tor s to troug h heating ; (2)  Heat conduction rather than

local heating by con j ugate photoelectrons is resp onsible for elec-

tron temperature distributions observed in regions with sunlit

conjugate points.

12. INTENSE POu~~~RD-DIRFL’rED FIECVrRIC FIElDS NEAR THE IWOSPHERIC PFOJE~-

TI(~ OF THE PI~~SMAPAUSE

The dc electric field exper inunt on the Air Force satellite S3-2

has occasionally detected intense localized electric fields near

the ionosphere projection of the pla~~apause . The field was pole-

ward in the premidnight local time sector , se~~~’d to be related to

substo rm activity and ofttii~~s exceeded 100 mV/rn . A possible source

is f i t - id—ali gned currents associated with freshly injected pla~T~

-~~ ner t ’xl in t ie substorm process near magnetic midnight .

o E~.Jt ~~ ~ IA~~ ENE1~JY PIJ~SMA Ol3SE~ JATI(X’jS IN THE WINTER I(]’~OSPHEBE

Th ~~ AF’GL spherica l analyzers ( SEA) aboard the polar orbiting

s~ t .el1 i to were designed to ~~asure t u e  temperature and
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density of thermal electrons , the annidirectional flux of ions with

energies greater than 28 eV and the satellite potential . We pre -

sent a rather broad overview of observations taken f ran the late

evening-midnight sector near the winter solstices of 1968 and

1969. Thpics of particular interest include :

1. Spacecraft potential fluctuations during intense precip-

itation events.

2. Direct observations of the degree of ionospheric heating

due to conjugate photoelectrons.

3. Using the secondary emissive properties of the instru-

ment’s materials as rough estimators of the mean atanic

mass.

14. PL?~~4A W~NTLE OBSE~ JATIONS AT 60 RE

Fran an analysis of particle and field data taken during a major

magnetic storm , we have determined several important features of

the particle populations observed at lunar distance. First, by

analysis of the time delay between the onset of the storm with

the associated tai l cai~ ression , and the observation of variation

in the characteristics of the pla~ na mantle, we have inferr~~ a

near-earth source for these particles, xmost likely the cusp.

Second, the electrons in the pla~ na mantle display a “core” and

“halo” as do the solar wind and magnetosheath electrons , implying

a solar wind source for the mantle . Third, the storm praluces

major chanqes in the pla~~a sheet. Prior to the storm onset ,

the pla~ na sheet is static with ion t~~peratures fran Kr1 -- 150

to 400 eV.
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7. FIGU RES CITED ~N THE TEXT Page

Figure 1 Contours of constant conjugate solar zenith angle

at 300 kr for cjivol1 qeariagnetic lot  i tude as u e —

tions of ~O( x ; ro’ io :  ~uoqiLude . Ca 1~eoI d e i

rude assuming that the nuridian in question i.- s

near loca l midnight at the tine of the wint  ~r

solstice .

Figure 2 Electron Jerisities and temperatures obset ~ei  near

2500 km dur ing Injun 5 orbits ~l32~ (over Central

AS LO ) and # L 3 3 1  (over Central Norto Anurica ) as

functions of invariant latitude ( j  and conjugate

solar zenith angle . The altitude , longitude and

local time of the satellite at ~ = 60° are

61inthca ted .

Figure 3 The D5t story of the October-November 1968 geo-

magnetic storm. Injun 5 orbits f ran which we have

data ar~ - ru rrr~t 1. 63

Fi jure 4 E1 -ct ron densities observed at various invariant

1-i t i tudes by Injun 5 a-; functions of universal time

0 rnuq~ tu~e ~X~tobur—Nov in ~r 1968 gearuqnetic storm .
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THE POLAR WIND EXPERIMENT

FREDERICK 3. RICH
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1. ~fljJ ~ POLAR WIND EXPERIME2’IT Is an array ot to-ar planar ion sensors set to

observe the flux f ran direct  ions separated by 40° t ran one another . The ex-

periment was clesiqned and buil t  by the Air Force Geophysics Laboratory,

Electrical Processes Division . ‘I\~~ arrays were flown on the Air Force satel-

lite S3—2 , launched ~-c~ritor 1975 into a 250 by 1550 km polar orbit, and one

arra y was flown on the Air Force satellite S3-3 , launched July 1976 into a

250 by 8000 kin ~xi1ar orbit. The arrays are rrounted on these spin stabilized

so that the normals to t~~ sensors in each array are approximately in the

spin plane . The other t~o normals are 400 above and below the spin plane .

The ~ork to analyze the data f ran the polar wind has proceeded slowly.

;~ series of problems has arisen f ran the fact that the design of the exper—

inent is new in many respects . Planar plasma sensors with flat current eel-

lecting plates have been used for over ha lf a century , but never before has

an array of planar sensors been nr unted on a satellite to detect the bulk

r~~t ion of a p1a~~~ f ran the difference in current collected f ran the various

look directions .

The forrruñ a developed prior to launch for the analysis of the ion data

used a very simple ca lculation of the direction of current to planar sensor .

This calculation assumed the ion mean thermal speed to be negligible with

respect to the ram speed of the satellite and assumed the plasma flcMed

f ran 2: : steradians into an infinite plane . When data became available it

was inii~x 1iately ot,vious that the simple calculations could not be used in

t:x- ar cilysis of the da ta .

T~e satellites car rying the polar wind experinents go through regions

of the ior~aspht re where 0+ is the daninant ion and has a mean thermal speed

of approximately 1200 meters per second to regions where H~ daninates and ~~~~

a mean ther mal speed of 4 kilare ters per second or nore . The satellite

velocity ranges f ran 7 to 9 kilaieters per second . rIl~~US the mean thermal

speed of the ions is never neg 1 0 3 1 1 ) 1 0 .  This means that the current to the
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planar sensor varies with the angle f run the rain direction by an alount

related to the mean therma l speed as well as the angle f ran the ram . In

order to find the true ram direction (satellite velocity plus bu lk

plasma velocity) , the tar4x�ratur e must be determined.

An additiona l canplicati on is the fact that the array of planar sensors

is recessed into the satellite surfac e which causes the field of viow of the

sensors to be partially blocked by the satellite . The portion of the field

of view of each sensor that is obstructed is not a simple syniletric shape

arx l is differen t for each sensor . A method for approxi mate ly dea ling with

the field of view was developed and described in detail in an AFGL Technical

Note , co—author ed by Dr. Peter Wildrr. an of AFGL published in 1977.

The rre thcxl of data analysis that was deter mined to be necessary to

account for the thermal speed of the ions and the geanetry of the sensors

is a curve fitting procedure. tkxlel curves of sensor current versus vehicle

attitude during the port ion of the spin cycle when the array faces the ram

are ca lcu lated as a function of the p1a~ ria mean thermal speed , bulk notion

and density. The plasma parameters are varied until a “best ” fit is found

of the theoretical curve to the data . This procedure is done by a canputer

- f  pr ogram that has been developed during the first two quarter s of 1977.

The above method of data analysis has several potential pro bl~~ns: The

cxitpater tine required to fit the data can becane excessive . The algor ithn

assumes that the p1a~ na parameters are constant over a per iod of approx imate-

ly 4 seconds , which is not always true . The algorithm ignores other prob 1~ ’ns

sixth as the finite size of the satellitc , satellite charg ing probl~ ns and

spacecraft-pla~~na inter actions.

The ccii~uter time required to solve for the plasma paramaters has been a

pr line consideration in the construction of the carpater codes . The program

has been made as efficient as possible without sacrificing accuracy and reli-

ability. The result is a program that runs approximately in real time, i.e.,
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approxui~nteiv five minutes of canputer tn~~ are requi red to process f ive

minutes of data fran this exper iment . It wauld seem that the task of

processing large quantities of data will require large quantities of ccinpu—

ter t ine. For the imiiient , only small sections of data will be processed

based on the quick look data f i le  and othe r criteria.

Variation of pla.sma parameter during a 4-second period is a probl em that

must be lived with at this tine. Sare attempts have been made to sneoth the

data on the bases of density f luctuation s that might be detected by a spherical

electron t~~perature/c~ensitv probe . The results have been very limited due to

the discovery of an array of problems associated with the electron probe.

The nature of these problems is currently under investigation . In general ,

density variations over 4 seconds of the satellite ’ s flight are of minor

importance to the analysis of the ion da ta except in the auroral oval where

data analysis is presently inpssible.

Problems such as the entrance of particles into the sensors f ran reg ions

of space that ~~ uld be excluded if the sensors ~~re nounted on an infinite

plane have been considered. So far , it has only been possible to determine

that there is a problem but no method of dealing with the problem has been

developed due to the extr~ re canplexity of the problem. For exanpie , it has

been found that extra particles are drawn in when the s~~pt voltage function

of the electron probe drives the satellite potential highly negative. At

the rni~~nt , data taken during the electron probe ’ s sweep can be excluded , but

nothing can be done about data taken when the satellite potential naturally

goes negative. ~bre ~~rk on this problem needs to be done in the future.

2.  RESULTS FR 14 THE EXPERIMENT

Since so much effort has been spent on developrent of ways to interpret

the data , only a very rrcdest anount has been analyzed in detail. The two

rTost notable pieces of analysis and interpretation are related to a SAR

(Stable Auroral Red) arc event on May 3 - 5 , 1976 observed by S3-2 and the
83



‘~~~S3— 3, DEC.76
____

____—.___—~~~~~~~~~~~~‘~~~~
- 

MID-AFTER NOON
MERt OIA N

/
_ _- 

_____ 2 _ _ _ _ _

___________ SATELL IT E
ORB IT

S 3— 3 POt AR WINO EXPERI I, IENT

Riw ~os ‘SoE C is
ALTITU Df e000-s000 ~~

0 - - - ~~~~~~~~~ ~~~~~~- ~ 4 ~ ~~~~~~~~~~~~~~~~~~~~~U T  OS U S oe~Q oe~I L A T  5 Z 4

~ 30 T 2 4  ~Z I0
1 ,~ ~~~~~~UT 0I~ S 0500 0503

I L.5T •Z S 35-0
~~ ? ,32~

UT OSOS Oslo
II.,? 5 5 5  3 1 5

~~.T .11 ISIU

I iqu - ’ -  1 .  ~ ~~~ U t~~~ t~~~ c ~~~~~~ ~~~~ I t t ( r r I U Of l  n I I - r - i I 1 t r ; I L r  ~ ind x~~~~r r n i t

84



passages through the plasmapause at high altitudes by S3-3.

The pla~~~ in the ionosphere at the time and position of the SAR arc event

was cbserved to be rioving westward at a speed of 6 ± 3 kin/s. This event was

also detected by the ARGL electric field sensor on the S3-2 sate 11 ite. R can- a
plete analysis of this event is being done by other personnel und will be pre-

sented by Dr. ~~iiddy of P~F~ L at the Spring 1977 Meeting of the PArerican Geophy:-

ical Union .

Cn the Air Force S3-3 , with the use of the Polar Wind Experiment, we have

been ible to clearly define the location of the plasnk~pause when the satellite is

a1x~ve 3000 kin altitude . BelcM this altitude other ionospheric effects tend to

c~ scure the signature of the plasmapause. The nost striking features found so

far in the analysis of the ion data are (a) pronounced uj~iard n~ v~ rent of ions

at the pla~ napause and several degrEe~ equatorward of the ba~ndar y , and (b) a

tendency , especially at g~~xr~ gnet ically disturbed t ines, for small segnents of

pla~~nasphere type plasma to reside a few degrees poleward of the pla.~napause.

This feature is shcMn in Figure 1. The upp er portion of t- he figure

is a schøi~ tic of the estimated arrange~~ nt of the pla~n~~, and the 1c~~ r portion

s~x~ is the ion data for one S3-3 passage of the pla~~~paus e. This work will be

presented by myself at the Spring 1977 Meeting of the r~znerican Geophysical Union .

3. F~JI URE SPICE MISSICt’~

On an as-requested basis , I have provided anal ysis and suggestions on pro-

posa ls and designs for future missions , being written by the Electr ical Process-

es Division of AF~ L. This work has riostl y been related to space missions to be

conducted fran the NASA Space Shuttle.

The largest single piece of work in this area has been the deve lopren t of a

cxx~cept for an exper iment to rr odify the ionosphere by injection of ch~ nicals .

The concept developed on this contract is to inj ect water (H 20) into the iono-

sphere in a t~~ -step process . First , the water will be releasod frau the
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Shuttle into a 1ci~er orbit. The water will be ericlcsed in a large balloon . The

balloon will be filled with water vapor as the sunlight heats it. Then the water

will be released fran the balloon at the appropriate time. The advantages of

this concept over tndse previously presented are: (a) placare nt of the nrxhfica-

tion of the ionosphere in front of , instead of behind , the Shuttle. The Shuttle

with onboard instruments supplied by P.FGL and others , will then be able to pass

thra.igh the nodification and measure it in situ; (b) A ntich greater percentage of

the H20 will be vap orized in a two-step methed than is possible in a direct re-

lease of liquid H20 into a vacuum (-..2 0% ) .  See Figure 2 for a detailed example

of the results of a two—step procedure .
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